Introduction
Several epidemiologic studies have assessed breast cancer awareness in various populations. The majority of previous studies have demonstrated that the level of awareness is low in some Western (Linsell et al., 2008) and Asian countries (Tazhibi and Feizi, 2014; Elobaid et al., 2014) . This low level of awareness and knowledge of risk factors for breast cancer as well as the various screening methods was more commonly seen among those women with lower education levels (Hvidberg et al., 2014) . Other factors contributing to the lack of awareness include limited health education programs especially for women living more rural areas (Norlaili et al., 2013; Tazhibi and Feizi, 2014; Gupta et al., 2015) , isolated areas, and in regions with an inadequate health care infrastructure (Akram et al., 2017; Kisiangani et al., 2018) .
Although some studies have examined the level of breast cancer awareness in Western (Linsell et al., 2008) , Asian (Liu et al., 2014; Tazhibi and Feizi, 2014; Elobaid et al., 2014; Al-Sharbatti et al., 2014) and African countries (Sambanje and Mafuvadze, 2012; Suh et al., 2012) , these studies were conducted on more focused and specific populations. Despite the use of validated measures, these measures were not specific for breast cancer. To the best of our knowledge, assessing the level of breast cancer awareness using validated measures remains largely unexplored in population-based samples in Asian countries, such as Indonesia. Therefore, the purpose of conducting a large population-based survey among Indonesian women was to comprehensively assess the level of breast cancer awareness in relation to risk factors, barriers, attitudes, and health behaviours related to breast cancer screening.
Materials and Methods

Study design and participants
This population-based cross-sectional study was conducted among 856 Indonesian women ages 18 to 80 years old from March-May 2016. The sample population was invited to complete the BCAS-I using a self-administered questionnaire. All participants were selected from a combination of rural and urban backgrounds, from three provinces-Yogyakarta, South of Sumatera, and East Nusa Tenggara, using a stratified random sampling method. The province and location area participants were then combined to represent the spectrum of cultures, religions, and socio-economic backgrounds, in addition to the incidence rate of breast cancer, in Indonesia that based on the research of Oemiati et al., (2011) . Our sample size was recommended by Comrey and Lee (1992) where n = 50 is considered very poor, n = 100 is considered poor, n = 200 is considered fair, n = 300 is considered good, n = 500 is considered very good, and n = 1000 or more is considered excellent (Comrey and Lee, 1992) . Furthermore, participants in this study were literate in the Indonesian language with no previous history of breast cancer and were neither pregnant nor breastfeeding. A total of 856 Indonesian women, out of 871 Indonesian women enrolled, responded to this survey for a completion rate of 98.28%.
Ethical consideration
Oral and written approval for our study was obtained from the Khon Kaen University Ethics Committee for Human Research (reference number: HE582369), based on the Declaration of Helsinki and the ICH Good Clinical Practice Guidelines. Consent was also obtained from all individuals participating in this study as well as written permission from The Indonesian Ministry of Home Affairs (No.440.02/1085/Polpum).
Study instrument and variable assessment
This study used a validated measure of the BCAS-I. The process for establishing the BCAS-I is described in more detail by Solikhah et al., (2017) . In brief, items were developed in English (Rakkapao et al., 2016) and then translated into Indonesian using a forward and backward translation method, as recommended by the World Health Organization (2015) . Twenty Indonesian women participated in a pilot study to ensure that face validity was established and that each participant understood each item in the questionnaire.
The questionnaire was comprised of questions pertaining to knowledge of risk factors (9 items), knowledge of signs and symptoms (8 items), attitudes toward breast cancer prevention (6 item), barriers to breast cancer screening (4 items), and health behaviours related to breast cancer awareness (8 items). Knowledge of breast cancer was assessed using a categorical response scale (yes/don't know/no). Participants answered items on a five-point Likert-type scale, ranging from 1 to 5 in attitude and barrier domains (1= strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree). Lastly, a 5-point frequency scale rated behaviour related to the breast cancer awareness sub-scale.
The questionnaire also asked about the following variables: age (measured continuously), monthly income (measured continuously), province (South of Sumatera, Yogyakarta, or East Nusa Tenggara), locale (rural or urban), education level (measured as binary), marital status (single, married, or widowed/separated/divorced), religion (Muslim, Christian, or other), current occupation (unemployed, farmer, trader, labourer, or government/ official/enterprise/business), health insurance (yes/no), tobacco use (yes/no), and alcohol use (yes/no).
Statistical analyses
Descriptive statistics for continuous variables were expressed as the mean ± standard deviation to illustrate participant characteristics. Frequencies and percentages were used to summarize the categorical variables. The five outcomes of this study were based on five BCAS-I domains: knowledge of risk factors, knowledge of signs and symptoms, attitudes toward breast cancer prevention, barriers to breast cancer screening, and health behaviours related to breast cancer awareness.
The five outcomes of this study were categorized as "high", "moderate", and "low" for each of the five outcomes pertaining to each studied domain of the BCAS-I based on the pattern of relationships among a set of an observed category. Individuals who were a primary school education or less (the referent group) and those with at least a senior high school education showed a poorer attitude towards breast cancer prevention. Specifically, the odds of those who had completed high school (senior) were 62% less than women with only a primary school level of education (ORadj = 0.38, 95% CI: 0.21 -0.69, p <0.01). This difference became more pronounced with higher levels of education. Compared to women with a primary school education, women with a bachelor's degree, and women with a postgraduate qualification, on average had 70% less odds of a better classified as similar to each other were grouped into latent classes. Other covariates were included to obtain a correlation with additional adjusted variables for each observed variable. The effects of demographic characteristics were then investigated using ordinal logistic model. The demographic characteristics were: age (categorized by decade), monthly income province (treated as a continuous variable), province (South of Sumatera, Yogyakarta, or East Nusa Tenggara), locale (rural or urban), education level (binary), marital status (single, married, or widowed/separated/divorced), religion (Muslim, Christian, or other), current occupation (no employment, farmer, trader, labourer, or government/ official/enterprise/business), and health insurance (yes/ no). This ordinal logistic mixed model approach was used to address any effects of covariates that might have occurred. Potential bias that may have been introduced by missing values in the dataset was also evaluated using multiple iterative regression imputations. Any missing values were gauged by comparing the difference between the magnitude of effects in the complete case and computed data analyses.
Crude (bivariate analysis) and adjusted odds ratios with 95% confidence intervals (CI) and P values were used to represent the associations between demographic characteristics and BCAS-I items. All of the data analyses were conducted using R CRAN version 3.3.1 (2015) and the R library lme4 (Rosseel, 2012) was used for mixed modelling.
Results
The mean (SD) age for the Indonesian women was 30 (11) and the age range was 18 to 80 years old. A higher percentage of participants lived in rural areas (n = 530, 62%) than in urban areas (n = 325, 38%). Many women reported a low income (n = 647, 75.6%) and many did not have health insurance (n =519, 60.6%). The participant characteristics are presented in Table 1 .
The results of the bivariate and multivariate ordinal logistic regression models are presented in Tables 2, 3, 4 and 5. The crude and adjusted odds ratios for knowledge of breast cancer risk factors are presented in Table 2 . After adjusting for other covariates using multivariate ordinal logistic regression model, living in an urban area was significantly associated with knowledge of risk factors, with the odds of better knowledge of breast cancer risk factors decreasing by 31% (ORadj = 0.69, 95% CI: 0.51 -0.93, p< 0.05). Additionally, Table 3 shows that these women had 1.39 times the odds of higher levels of attitudes toward breast cancer prevention (ORadj = 1.39, 95% CI: 1.02 -1.89, p <0.05); and Table 5 shows that these women had 1.40 times the odds of higher levels of health behaviours related to breast cancer awareness (ORadj = 1.40, 95% CI: 1.02 -1.91, p <0.05). However, there is no evidence to suggest the odds of better knowledge of signs and symptoms of breast cancer. Table 3 presents the relationship between the studied determinants and the level of attitude towards breast cancer prevention. For example, relatives of those with (Table 5 ).
The effects of participant demographics on the level of barriers to breast cancer screening are presented in Table 4 . East Nusa Tenggara province was considered as the province reference category. South of Sumatera and Yogyakarta had 5.03 and 3.84 higher odds, respectively, of barriers to breast cancer screening (ORadj South of Sumatera = 5.03, 95% CI: 2.09 -12.09, p <0.001; ORadj Yogyakarta = 3.84, 95% CI: 1.57 -9.43, p <0.01). Single women were marginally aware (ORadj = 1.56, 95% CI: 1.07 -2.28, p <0.001).
When participants with differing levels of education (primary school, junior high school, senior high school, bachelor's degree, and postgraduate degree) were pooled, there was little evidence to conclude that education level had any effect on the odds of better health behaviours for breast cancer awareness (Table 5 ). This pattern was also observed for the middle-income group and likely educational level, with the odds of higher health behaviour related to breast cancer awareness decreasing by 31% (ORadj = 0.69, 95% CI: 0.47 -0.99, p <0.05). Additionally, women who were trade workers had a significantly higher odds of better health behaviour (ORadj = 2.35, 95% CI: 1.11 -4.95, p<0.05).
Discussion
Increasing breast cancer awareness, which is particularly important in low and middle-income countries such as Indonesia, is an effective and feasible way to increase the number of women who will receive timely clinical breast examinations or mammography. To the best of our knowledge, this is the first study that used validated breast cancer awareness measures in a population-based sample to assess the level of breast cancer awareness and related effects on knowledge of risk factors for breast cancer, knowledge signs and symptoms of breast cancer, attitudes toward breast cancer prevention, barriers to breast cancer screening, and health behaviours related to breast cancer awareness, in a large sample of Indonesian women. An increasing level of awareness in economically developing countries is likely as women become familiar with any changes in their breasts that may contribute to early diagnosis of this disease. A poorer level of understanding of risk factors and screening methods seems to lead to women rarely or never checking their breasts. Additionally, early diagnosis of breast cancer is known to reduce breast cancer mortality rates (Renganathan et al., 2014) . Our findings showed that awareness about breast cancer risk factors was poor among women from urban areas. Only 31% of women from urban areas had knowledge of well-known risk factors for breast cancer, many women in urban areas had lower income levels. Although other studies have consistently found poor knowledge of risk factors among Asian women (Tazhibi and Feizi, 2014; Islam et al., 2016) as well as among British women (Linsell et al., 2008) , the current study showed an even poorer level of knowledge. A poorer awareness level of breast cancer risk factors seems to lead to difficulties in the recognition of breast cancer symptoms, a greater disease severity and more advanced stages of disease due to a longer time period before help is sought.
The attitudes and health behaviours related to breast cancer among women living in urban areas were higher compared to women living in rural areas. However, an inadequate level of knowledge of breast cancer risk factors was found for urban women. Our findings emphasize that knowledge does not always translate into changed attitudes and behaviours. Our findings contrast with findings from a sample of Malaysian women, which indicated that inadequate knowledge about risk factors translated into poor attitudes and behaviours (Subramanian et al., 2013) . Our findings can likely be attributed to ineffective awareness campaigns that inadequately advised women about maintaining a healthy lifestyle and about breast cancer screening methods. Thus, it is important to identify and educate the public about the associated risk factors for breast cancer so that individuals can incorporate sustainable attitudes and lifestyle changes (Alharbi et al., 2012) . Furthermore, participants who were unmarried and who lived in the South of Sumatera and Yogyakarta provinces were considered to have greater barriers to breast cancer screening. Higher barriers to breast cancer screening among these women are likely due to a lack of interest, motivation and/or concern for health-related issues. These findings are in line with a previous study that found that unmarried women had a greater number of perceived barriers to breast screening (Tazhibi and Feizi, 2014) . Our study findings also indicated that low income was negatively associated with the odds of more health-related behaviours. Additionally, low income was significantly associated with difficulties in seeking breast cancer treatment. Therefore, increasing the perceived barriers among women is thought to have resulted in the awareness of health related behaviour, particularly the presentation for disease diagnosis. Previous studies conducted in developing countries found that the main barrier to adequately achieving early diagnosis and treatment was financial ( Iskandarsyah et al., 2014; Akram et al., 2017; Kisiangani et al., 2018) . Previous studies in Indonesia also reported difficulties in seeking medical treatment due to the high economic cost involved (Garg et al., 2010; Iskandarsyah et al., 2014) . Furthermore, significant discrepancies between needed and provided information are likely also barriers to breast cancer screening, particularly in provinces such as the South of Sumatera and Yogyakarta. Further barriers to breast cancer screening included ethnicity and socio-economic background (Jack et al., 2014; Okoronkwo et al., 2015) . It is also important that the limitations of this study be highlighted. The data collected were based on self-reported BCAS-I questionnaires. In this situation, it is important to take into account spontaneous responses given as a result of emotional factors. However, the participants were accompanied a researcher to explain any difficulties in the instrument. Additionally, we used a validated instrument with easily-understood language and no personally sensitive questions, so generalization beyond Indonesian women can be assumed.
Despite the limitations present in this study, the study has several major strengths. This is the first study of its kind, conducted using a large population-based sample to measure breast cancer awareness in Indonesian women. Participants who did not have health insurance and who were from low-income groups demonstrated a lower level of knowledge. Surprisingly, these findings were reversed for attitudes and behaviours. Overall, our findings reveal a low level of comprehensive knowledge, attitudes, and behaviours related to breast cancer awareness among Indonesian women in general. In conclusion, our study found that women from urban areas had a poorer level of knowledge regarding breast cancer risk factors compared to women living in more rural areas. However, knowledge of the risk factors did not translate into a more positive attitude toward breast cancer prevention and behaviours related to breast cancer awareness. A poorer level of breast cancer awareness may reflect an inadequate breast cancer awareness campaign or a lack of a breast cancer awareness campaign. Additionally, education programs are needed to increase awareness and educate the public. Subsequent assessment to measure the impact of these educational programs is also needed.
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Effect
Crude OR Adjusted OR 95% CI Age (in 10 years) 1.20** 0.95 0.80 -1.14 Province (ref: East Nusa Tenggara) χ 2 LRT = 12.83, df = 2, p = 0.002*** χ 2 LRT = 1.35, df = 2, p = 0.51 Monthly income (ref: <2,000,000 IDR (<152 USD)) χ 2 LRT = 12.97, df = 2, p = 0.002*** χ 2 LRT = 4.84, df = 2, p = 0.09 2,000,000 to 6,000,000 IDR(152 to 457 USD) 
